This letter investigates the hypothesis that lateral position is the only cue available for interaural discrimination experiments using 500-Hz stimuli. The discussion of this hypothesis is in the context of comparisons of the experimental data to predictions of the "position-vatiable" model of binaural interaction. The model predicts the mean and variance of the subjective lateral position of stimuli used in the discrimination experiments, assuming that discrimination performance is based on optimal processing of this subjective position. To the extent that the laterarity predictions of the model are accurate, data that are inconsistent with its predictions would also be problematical for any model based on the subjective laterality of a single binaural image. The predictions (at least qualitatively) describe much of the observed experimental data, including a number of results that have not been addressed by any previous theory. Nevertheless, the observed performance is signiticanfiy better than the corresponding predictions for three. types of experiments in which the utility of the position cue has been eliminated by experimental design. We believe that our results indicate that changes in lateral position are the primary cue in most interaural discrimination experiments, but that secondary attributes of the perceptual images can be useful when performance-based on position alone would be poor.
In this letter we investigate the hypothesis that lateral position is the only cue available (other than pitch and loudness cues) for binaural experiments in which subjects discriminate 500-Hz stimuli presented with slighfiy different ITDs and/or IIDs. The discussion of this hypothesis is in the context of the "position-variable" model (Stern and Colbum, 1978 ) which predicts the subjective lateral position, and its variability, of the single dominant image of the stimuli used in these interaural discrimination experiments. The model assumes that discrimination performance is based on the optimal processing of this subjective position. This approach has previously been used in applying the theories collectively referred to as "lateralization models" to toneon-tone masking results (Hafter and Carder, On the other hand, several aspects of the theoretical predictions are clearly incompatible with the observed data:
(1) The model predicts that interaural time jnds become extremely large for stimuli presented with certain values of ITD. Although these large jnds are observed for a small minority of subjects, the performance ofmøSt subjects is significantly better than the predictions for these ITDs.
(2) Observed performance in NoSrr detection experiments with coherent targets and maskers is substantially better than what is predicted by the model for some values of target-to-masker phase angles between 90' and 150. (All other lateralization models fail in a similar fn,ghion.} (3) Subjects in time-intensity tradeability studies can achieve good discrimination performance with two binaural tones for which the dominant subjective positions are identical. Since predictions of the position-variable model are based on the subjective hteral position of a single image, it predicts chance performance with these stimuli.
We note that in aH cases when experimental results are in obvious conflict with theoretical predictions, the observed performance is better than predicted. All of these results are problematical not only for the position-variable model, but also for any other model that attempts to relate discrimlnation performance to the subjective lateral position of a single dominant binaural image.
IL DISCUSSION
In general, the comparisons of predictions and data support the hypotheses that performance in most interaural discrimination experiments is based on changes of lateral position, but additional information may be used in experiments for which performance based on position alone would be poor. We postulate that the subject-to-subject variabiltity in the time-jnd data at large reference delays, and the good performance of some time-jnd subjects relative to the,predictions of the position variable model, may indicate that these subjects have learned-to make use of other spatial attributes of the perceptual image of the sounds when changes in their primary subjective lateral position are small. The potential utility of additional pereceptual cues in interaural discrimination experiments hn. While a number of investigators have suggested that performance in time-intensity studies can be improved by the use of secondary components of the stimulus image, there is a lack of agreement concerning the exact nature of the additional perceptual information. Specifically, Whitworth and Jefftess (1961 } and Hafter and Jefftess (1968} have described a "time image" that is almost completely independent of the lid of the stimulus. A different type of secondary image, described by some subjects in the experiments of Ruotolo et al. {1979}, appears at the ear receiving the signal that is of greater intensity but lagging in time, A third type of secondary image can be perceived in either ear when certain subjects are presented with an equal-intensity pure tone of ITD equal to half the stimulus period, as report~ ed by Sayers (1964) and Yost (1981) . In addition to the position of a secondary spatial image, the actual subjective cue (besides lateral position) used in the discrimination experiments considered could be a difference in image diffuseness, shape, or some other difference in quality between the two stimuli to be discriminated. It is not at all obvious that the same type of additional information is used for each of the three classes of results that are not predicted by the positionvariable model. These subtleties in the subjective image of binaural sounds may be of concern to those who measure binaural perception in a clinical setting, in that untrained subjects may or may not respond according to these secondary stimulus attributes of the stimuli when changes of laterid position are not available as a cue.
Although it is relatively easy to moc•fy the positionvariable model to predict the types of secondary images that have been described to date, we are not attempting to rigorously develop decision variables to describe any of these images at present. We have found the subjective percepts to be extremely complex even for a pure tone, and we have had difficulty separating this complexity into simple variables. It appears that the system is relatively "plastic" and that many different aspects of the stimulus can be isolated by a careful, trained observer and used as a decision variable.
In general, a model based on lateral position {and the position-variable model in particular} can account for many of the salient features of the data. There are other perceptual attributes that are used in some experiments, but these other attributes appear to affect discrimination performance only when the mean lateral position cue is eliminated by careful experimental design. Almost all of the other results in interaural discrimination can be accounte• for by a model based on changes of the lateral position of a single image and its variability.
IlL CONCLUSIONS
We have compared the performance of the positionvariable model of binaural interaction to the results of interaural 'd•scrimination experiments using 500-I-Iz stimuli. We have found that a single position variable appears to be adequate for many discrimir•ation experiments; however, an additional decision variable is required to describe other types of experiments. The model generally provides good predictions for experiments in which subjects report using position as the major cue, while in many of the experimental results that differ from the predictions, great intersubject variability is noted and the task is characterized by subjects as difficult to perform. We believe that lateral position is used as the subjective cue in all experiments considered, and that some •__ditional cues are used for those experiments in which performance on the basis of lateral position alone would be very poor. To the extent that our model accurately characterizes lateral position and its variability, these discrepancies between theoretical prech'ctions and interaural di•rimination data would aho be seen in the performance of any model in which judgments are assumed to be based solely on the lateral position of a single perceptual image.
